The powders were analyzed on beamline 11-BM at the Advanced Photon Source (APS), Argonne National Laboratory using high-resolution synchrotron powder x-ray diffraction (XRD) using a wavelength of 0.413191 Å with a step size of 0.001º and a scan speed of 0.01º/s, as shown in Fig. S1 for Nd2Ir2O7. Rietveld refinement analysis was conducted utilizing the GSAS-II software package. S1 The inset to Fig. S1 shows that the diffraction peaks are asymmetrical. The asymmetry had significant 2θ dependence, revealing a continuous range of lattice constants in the sample possibly due to an oxygen off-stoichiometry distribution near the surface of the particles.
equivalent in each phase. The results of the fit are shown in Figs. S1. The refined lattice parameters and locations of the atoms in Nd2Ir2O7 powders are reported in Table S1 .
Magnetization (χ) measurements on the powder were taken using a Quantum Design superconducting quantum interface device (SQUID) magnetometer at a magnetic field H = 100
Oe and at temperatures ranging from 2 to 300 K with both field and zero field cooling protocols [ Fig. S2 (a) ]. The temperature dependence appears roughly Curie like (1/T) in character. However, by taking the difference between the field and zero field cooled measurements [ Fig. S2 (b) ], two features likely associated with magnetic phase transitions emerge: a stronger one at 34 K and a more subtle one at 119 K. The nature of the magnetic ordering transition is a topic of continuing debate. For simpler pyrochlores with only one magnetic species such as in Eu2Ir2O7 and Y2Ir2O7, clear magnetic ordering of the Ir site to an all-in-all-out structure has been reported around 120 K. S2-S6 Nd2Ir2O7 is more complicated due to the Nd on the A site also having a magnetic moment.
Neutron diffraction is sensitive to the larger Nd moment and reveals Nd ordering around 15 K. S7, S8 However this technique is much less sensitive to the much smaller iridium moment and did not observe any evidence of higher temperature ordering. S9 It is known other (Mo based) pyrochlores with multiple magnetic species may have multiple ordering transitions temperatures. S10 Since the Ir-Ir exchange interactions are stronger than those between Nd-Nd or Nd-Ir due to the greater spatial extent of 5d transition metal electronic orbitals, it is anticipated that the Ir sublattice would undergo magnetic ordering at a higher temperature. Therefore, we speculate that the ~120 K transition may be due to an onset of Ir ordering while the 34 K transition represents the onset of Nd spin freezing. The roughly Curie-like temperature dependence of the magnetization is thus interpreted as arising from paramagnetic contributions of the larger Nd moment which persist below the Ir ordering transition. At lower temperatures the interplay between the two sublattices becomes more significant. Though our 34 K transition temperature agrees with previous research, S11 there is considerable variation in the temperature at which this Nd ordering occurs. S5, S7, S8 We hypothesize that this is due to the effect of the ionic radius of the rare earth ion on magnetic ordering temperature. The magnetic ordering temperature in the pyrochlore iridates depends heavily on the A-site ionic radius. The ionic radius of the Nd is such that the system is close to the transition to a spin liquid phase which does not order at low temperatures. S12 Therefore, small variations in lattice constant due to sample stoichiometry or lattice strain may cause significant change in magnetic ordering temperature. give the xyz coordinates of each atom in the unit of lattice constant a. The data was refined with the 3 phases of Nd2Ir2O7 with different lattice constants (dominate phase in bold), but with atomic parameters constrained to be equivalent. The two less prevalent phases had larger fixed lattice parameters while the dominant phase a was refined. The three lattices constants used in each phase are displayed, with the dominate phase listed first. The fitting quality is described by Rwp = 12.83 %, Rp = 9.09 %, and χ 2 = 4.338. 12.8 12.9 13 13.1 2 (deg) 
